Rats with ventromedial hypothalamic lesions were trained preoperatively to respond for food reward on a FR 64 schedule of reinforcement. Postoperative comparisons with similarly trained unoperated control rats showed no differences when both groups were maintained at 8070 or 90% of their preoperative baseline weights. Lesioned rats responded at a much higher level. however. at 100~ body weight and at a prefeeding condition run at lOW body weight. These results suggest that rats sustaining such iesions overeat and become obese because these lesions increase their hunger motivation.
Miller. Bailey, and Stevenson (I950) and Teitelbaum (I 957) rep orted that hyperphagic ventromedial hypothalamic (VMH) lesioned rats were "less hungry" than nonlesioned rats. More recent data. however, suggest that this interpretation originated, in part, from inappropriate testing procedures and between-group comparisons. Kent and Peters (1973) found that VMH-lesioned rats outperformed control rats on both operant and straight alley tasks when the groups were compared at identical moderate deprivation conditions defined in terms of preoperative free-feeding weights. Operant performance was assessed using a variable-interval (VI) reinforcement schedule rather than a progressively increasing fixed-ratio (FR) schedUle. The latter procedure was used by Teitelbaum (1957) , and subsequently by others (Sclafani, 1971; Singh, 1970) , to obtain the data that, in part, define the VMH paradox: increased food intake and decreased hunger motivation.
The purpose of the present experiment was to compare the performance of VMH-les:oned and control rats on a FR schedule of reinforcement. The discrepancies between the operant data reported by Kent and Peters (1973) and that obtained using progressively increasing FR schedules may partially reflect an interaction with either the schedule of reinforcement or the deprivation conditions and comparison procedures used in the different experiments. On a progressively increasing FR schedule, rats are typically trained to barpress initially on a continuous reinforcement schedule. The number of barpresses required to obtain food reward is subsequently increased to 4, 16, 64, and 256, in ascending order. The rats are usually tested for 2 or 3 days at each ratio, and each rat's entire food ration is obtained during daily 12-h sessions. Since VMH-Iesioned rats often perform at higher levels than control rats on *Requests for reprints should be sent to Ronald H. Peters, Department of Psychology, Iowa State University, Ames, Iowa 50010. the lower ratios, e.g .. 1, 4, and 16 (Teitelbaum, 1957) , this testing procedure does not permit a comparison between lesioned and nonlesioned rats at identical deprivation conditions. The poorer performance of VMH-lesioned rats at the higher ratios may be due, in part, to their increased food intake at the lower ratios. The maintenance procedures used by Kent and Peters (1973) were, therefore, used in this experiment to provide comparisons at identical deprivation conditions, and the performance of VMH-lesioned and control rats was compared on a FR 64 reinforcement schedule. Performance of VMH-lesioned rats is generally poorer at this ratio when the behavior is assessed using progressively increasing FR schedules (Sclafani, I97 f; Singh, 1970; Teitelbaum, 1957) .
METHOD Subjects
The Ss were 14 female Wistar albino rats and 8 female Long-Evans hooded rats, 140-180 days old and weighing 280-360 and 235-295 g. respectively, at the outset of the experiment. All rats were housed in individual cages under constant illumination.
Apparatus
Four Lehigh Valley operant conditioning chambers housed in sound-resistant enclosures were used. Each chamber contained a single lever and a drinking tube which permitted free access to water. Single 45-mg Noyes pellets (standard formula) were used as rewards.
Procedure
The rats were allowed free access to food and water for several days prior to deprivation to establish preoperative baseline weights. Deprivation was defined as percentage of this preoperative weight. Shaping was accomplished while the rats were gradually reduced to 80% body weight. All rats were trained to respond on FR schedules with successive daily ratios of 1, 5, 16, 24, 36, 45, 55, and 64 . Training was continued on the FR 64 schedule for 8-12 days until performance became stable. Throughout the experiment, appropriate body weights were maintained by placing required amounts of food (Wayne Lab Blox) into the home cage after each daily I-h testing session. \V ater was available at all times.
Following preoperative training, 11 randomly chosen rats \\'ere anesthetized with sodium pentobarbital (42 mg/kg) and received bilateral electrolytic lesions aimed at the YMH , using de Groot (1959) coordinates (A = 5.6. H = -3.5, L = 0.7). Lesions were produced by passing a 2,0-mA anodal current for 20 sec between the uninsulated tip of the electrode and a rectal cathode. Eleven rats served as unoperated controls.
,:.;fter :J 4-day recovery period, all rats were again tested at 80c( body weight until performance became stable , Body \\'eights were then progressively increased to 90% and 100%, with all rats tested at each level until both weights and performance became stable. This procedure required 7-10 days at each leveL At 100% body weight, the rats were not fed ad lib, but rather were minimally deprived due to normal growth dating from the establishment of preoperative baseline weights, All rats were prefed 25 190-mg Noyes pellets (standard formula) 30 min prior to testing on the last 3 days at 100% body weight (1OO(e -prefed condition).
All rats were given free access to food and water for 60 days following behavioral testing, and body weights were obtained at the end of this period. The YMH-Iesioned rats were perfused with saline and 10% Formalin. Frozen sections were taken at 150 microns in the coronal plane described by Konig and Klippel (1963) , Photographic enlargements of the unstained sections were used to assess the extent and location of tissue destruction.
RESULTS
Total number of leverpresses was recorded for each rat for each test session. The data for two animals, one from each group, were discarded because their performance was atypically poor at 80St body weight and they essentially stopped responding at the subsequent deprivation conditions, Figure 1 presents the mean of the last three test sessions for VMH and control groups at the preoperative and at each of the postoperative deprivation conditions, Preoperative performance and postoperative performance at 80St and 90'7c body weight was very similar for the two groups, The VMH group. however. continued to respond at relatively high levels at the 100% and 100%-prefed conditions, whereas control group performance dropped off sharply. The interaction between groups and postoperative deprivation conditions was Significant (F = 10.84, df = 3/54, p < .001). Between-group t tests (Cochran-Cox) at 80St and 90% body weights were not significant (t = 1.50, df = 9, p> .10, and t = 1.15, df = 9, p > .20, respectively). ' These comparisons were significant, however, at the 100% and 100%-prefed deprivation conditions (t = 4.44 , df = 9, p<.005, and t = 5.77, df = 9, p<.OOl, respectively).
Responding decreased uniformly for all rats in the control group as deprivation conditions became less severe. This trend was also present in the behavior of two albino VMH-lesioned rats. Although destruction of the VMH in these rats was verified histologically and they both became obese (weight gains of 212 and 307 g after 60 days of free feeding), their behavior was typical of animals in the control rather than the VMH group. Leverpressing for the remaining VMH-lesioned rats, four hoods and four albinos, showed little change as deprivation conditions became more moderate. Excluding the atypical data from the two albino VMH-lesioned rats, the means for the VMH group at the 80% and 100%-prefed deprivation conditions were 3,400 and 3,093, respectively. It is apparent that much of the slope in the trend line for the VMH group can be attributed to the performance of the two albino VMH-lesioned rats, whose means for the 100%-prefed condition were 272 and 87 . It is also apparent that most of the animals in the VMH group responded at high levels at all deprivation conditions on the FR 64 reinforcement schedule.
Extensive bilateral damage of the VMH was sustained in all lesioned rats. The exact size and location of the lesions varied considerably from animal to animal, although the lesions were typically large and included considerable surrounding tissue. The largest lesions damaged portions of the anterior, dorsomediaL and posterior hypothalamic nuclei, yet seldom extended lateral to the plane of the fornix. Body weights also increased substantially in all lesioned rats after 60 days of free access to food and water. Increments from preoperative baseline weights ranged between 212 and 364 g for lesioned albino rats, and between 214 and 303 g for lesioned hooded rats. One albino control rat gained 114 g, whereas the weight gains for the remaining albino control rats ranged between 36 and 63 g, Weight gains for the hooded control rats ranged between 1 and 29 g.
DISCUSSION
The results of the present experiment are consistent with and extend those reported by Kent and Peters (I 97 3). VMH-lesioned rats not only outperform control rats on a VI reinforcement schedule. but also on a FR schedule in which reinforcement density is more directly related to work expenditure. Consideration of the specific task requirements of VI and FR schedules originally prompted this investigation. When an animal stops responding on a VI schedule and subsequently returns to the bar. the first response will be reinforced if the time interval has elapsed. This priming effect may differentially enhance the performance of VMH-Iesioned rats as deprivation conditions become less severe. If. however. the animal stops responding on a FR schedule. subsequent responding will not be reinforced until the ratio requirement has been satisfied. This feature of the FR schedule may differentially decrease responding of VMH-lesioned rats and may partialiy account for their poorer performance on progressively increasing FR schedules of reinforcement (Sclafani. 1971 : Singh. 1970 : Teitelbaum, 1957 ). The present results indicate, however _ that the effects of VMH lesions on operant performance do not interact with these two schedules of reinforcement. VMH-lesioned rats work harder, i.e., respond at higher rates, on both VI and FR schedules when compared with control rats maintained at identical moderate deprivation conditions.
It is important to note that the results of this study and the similar results reported by Kent and Peters (l973) do not specifically explain the hyperphagia following VMH destruction, but rather question the necessity for existent theories of VMH function to account for the VMH paradox. The paradox. in all likelihood. does not exist. The VMH-Iesioned rat probably does not overeat in spite of decreased hunger motivation, but rather because the lesion increases hunger motivation. This interpretation is not inconsistent with conventional satiety theory (Miller, 1964) . If a hyperphagic rat is unable to terminate feeding because the mechanisms that normally mediate the internal changes associated with satiety have been destroyed, then the rat's hunger motivation, as evidenced by its willingness to work to obtain food, could also be increased. Satiety theory never clearly specified the reasons for the decrements in hunger motivation following VMH lesions, and it now appears that such specifications are unnecessary. The VMH paradox probably reflects inappropriate between-group comparisons.
Numerous writers have commented on the hyperemotionality of VMH-lesioned rats, and Singh (1969) explicitly compared the emotional responsiveness of VMH-and septal-lesioned rats. Although the septal rage syndrome diSSipated with both time and handling, the hyperemotionality of the VMH-Iesioned rats persisted. Schachter (1971) characterized the VMH-Iesioned rat as "irascible, emotional, and generally bitchy [po 131]." Cognizant of the reputation of VMH-Iesioned rats, Kent and Peters (1973) used tail handling procedures throughout their experiments. Subsequent experience with VMH-Iesioned rats in this and other experiments in this laboratory, however, has not contlrmed our prior expectations regarding their behavior. Lesioned rats have been no more difficult to handle than typically docile control rats. and normal body-handling procedures were routinely practiced in this research .
. One factor that may attenuate the emotional responsiveness of VMH-lesioned rats is extensive preoperative handling, as was required in this experiment. Reduction in emotionality from levels described for the stereotyped VMH-lesioned rat may also facilitate operant responding and partially account for the results reported here. It is unlikely that lesioned rats are less emotional than docile control rats and, therefore. this factor could not account for the increased responding of VMH-lesioned rats at the moderate deprivation conditions. Lesioned and control rats in this experiment also responded similarly at the more severe deprivation conditions. The poorer performance of VMH-Iesioned rats in other experiments may be caused, in part. by higher levels of emotionality. The lesioned rats, however, were much more difficult to handle than control rats after 60 days of free access to food and water. Since the rats were not handled during this period, this difference may simply reflect an interaction with nonhandling for an extended period of time. It is also possible that the increased emotionality results from excessive weight gains. The obese animals with large fat deposits may experience considerable discomfort when handled and. therefore, resist capture.
